Based on a representation of policymaker's preferences that capture inflation zone targeting behaviors, we estimate a flexible model of the monetary policy reaction function of the South African Reserve Bank (SARB). To address the current debate on the importance of financial asset prices in monetary policy decision making, we augment the analysis to allow for responses to financial market conditions over and above prices and output stabilisation. The main findings are that the monetary authorities' response towards inflation is zone symmetric. Secondly, the monetary authorities' response towards output is asymmetric with increased reaction during business cycle downturns versus upturns. Thirdly, the monetary authorities' pay close attention to financial conditions index. They place the same weight on financial market booms and recessions so that their response is symmetric.
Introduction
Since 2000, South Africa has adopted inflation targeting as a preferred framework for monetary policy whereby an inflation target range of 3 to 6 percent was set. Contrary to the most widely used model of monetary policy to study the objectives of policy makers, viz., the Taylor rule model and its extensions (e.g., Taylor, 1993; Clarida et al., 2000) , where interest rates relate linearly to the gap between actual and desired values of inflation and output, the inflation target band practice instead suggests that policymakers may exhibit 'zone-like' behaviour by responding more to inflation when inflation is some way from the target band but by responding more passively when inflation is inside the target band. The literature has also suggested 'asymmetries' in which case the response of interest rates to inflation and/or output is different for positive and negative inflation and/or output deviations from their desired level. All these issues are relevant and are currently debated in the case of both South Africa and a number of other economies such as the UK. This is because they have undergone important changes in their monetary policy settings over the last two decades. In this paper, we estimate an optimal monetary policy rule that addresses these issues.
The theoretical basis of the linear Taylor rule comes from the assumption that policymakers have a quadratic loss function and that the aggregate supply or Phillips curve is linear. Recently, researchers have questioned the linear specification and a nonlinear framework applies if, for instance, the central bank has asymmetric preferences as originally propounded by Nobay and Peel (2003) in the context of a linex function for the preferences of the Central Banks. A number of other studies have made use of these types of preferences; Cukierman (2002) , Ruge-Murcia (2003) ), a nonlinear Phillips curve (Schaling 2004) or, if it follows the opportunistic approach to disinflation (OAD) (Aksoy et al. 2006) . Dolado et al. (2004) Empirical analysis of asymmetric monetary policy reaction functions have received some attention in the field, for instance, Davradakis and Taylor (2006) , Assenmacher-Wesche (2006) and Surico (2007a,b) among others. In addition, it has been suggested that policymakers may exhibit 'zone-like' behaviours with the toleration of small deviations of inflation from the target. Orphanides and Weiland (2000) have analysed such behaviours in the context of zone quadratic preferences. Boinet and Martin (2008) have extended this model to allow for both zone-like and asymmetric behaviour in investigating monetary policy in the UK.
Recent economic events have turned the attention on the behaviour of certain asset prices (stock prices, house prices, and the exchange rate) and the concern by central banks over the maintenance of financial stability. If that is the case, it is most likely that the monetary policy reaction function responds to them once they reach certain "unsustainable" levels as opposed to when they follow their "fundamental" path.
There has been some controversial debate in academic and policy circles on whether or not monetary authorities should react to movements in financial asset markets.
The proponents against targeting asset prices are most notably the former Federal Reserve chairman, Alan Greenspan (2004 Greenspan ( , 2005 Greenspan ( , 2008 , the current chairman of the In the South African context, it is worth noting that the SARB's other primary goals, as defined in the Constitution, is to protect the value of the currency and achieve and maintain financial stability though the South African financial institutions experienced no direct exposure to the sub prime crisis in terms of interbank or liquidity problems of the type experienced in developed countries (see Mboweni, 2008a , 2008b and Mminele, 2009 ). This paper therefore contributes to a set of other studies by deriving and estimating a nonlinear flexible optimal monetary policy rule that allows for both zone-like and asymmetric behaviours. To the best of our knowledge, this is the first attempt to model the South African monetary policy using a nonlinear optimal model of the interest rate rule of this nature. Also to contribute to the discussion on financial asset prices, we see whether the optimal policy rule could instead be augmented with an alternative variable that collects and synthesises the information from the asset and financial markets much in vein with Castro (2008) .
. The next section gives the description of the augmented theoretical model with asset prices. The methodology and data are discussed in section 3 with emphasis on the construction of a financial conditions index. In section 4, the optimal monetary policy rule is empirically estimated and analysed to determine the usefulness of the index of financial conditions in monetary policy conduct, while section 5 concludes with a discussion on the major findings and policy recommendations.
Theoretical model
The monetary authorities' policy preferences are modelled as an intertemporal optimisation problem following Svensson (1999) , Surico (2007a,b) and Boinet and Martin (2008) . The monetary authorities' policy design problem is to minimise a loss function with the structure of the economy forming a set of constraints, which is the adaptation of the New Keynesian model derived in Yun (1996) and Woodford (2003) .
Central bank's preferences
The monetary authorities use all information which is available at the end of period 1 t − to set the nominal interest rates at the beginning of period t . This is captured by the following intertemporal criterion where δ and L are the discount factor and the period loss function, respectively:
Following Boinet and Martin (2008) , the period loss function is specified such that it captures asymmetries by allowing monetary authorities to treat target variables differently when they overshoot or undershoot their reference values. It is also exhibits target zones by allowing monetary authorities to treat target variables differently depending on whether they fluctuate within or outside the given target bands, a feature which was introduced by Orphanides and Wieland (2000) . Therefore the period loss function is specified as follows: 
Where In the event that the values of ; ;
y z π β β β are odd, the period loss function is asymmetric. As above, the monetary authorities' reaction inside the target zone is relatively passive but increasingly aggressive when they fluctuate outside this zone.
The difference here is that the monetary authorities' aggressiveness is not the same when the target variables overshoot and when they undershoot the target zone by the same magnitudes so that their preferences are described as being asymmetric and zone-like. The values of ; ; y x π α α α can still be less, greater or equal to zero but in this case they govern both the slope and sign of asymmetry of the loss function.
Structure of the economy
The structure of the economy is represented by a system comprising the aggregate demand and the aggregate supply following Clarida et al. (1999) as well as McCallum and Nelson (1999) . The aggregate demand is the forward looking demand relationship derived from the Euler equation for consumption which is augmented with the index of financial conditions to capture the effect of financial variables on output. It is worth noting that such modified specification of the aggregate demand function has been proposed in the field, for e.g., Goodhart and Hofmann (2001) and Castro (2008) .
( ) 
Optimal Monetary Policy
The monetary authorities choose the per period instrument t i under discretion to minimise the following objective function: 
Central bank's reaction function
The reaction function according to which the monetary authorities chooses policy rates in response to developments in the economy is given by the following first order condition describing the monetary authorities' optimal monetary policy rule:
where ( ) where 
Empirical model
Estimating the central bank's reaction function in equation [7] 
Where t ε is the residual of the Taylor's series expansion defined as: 
Data discussion
The data used in this analysis is sourced from the South African reserve Bank . The index is constructed as a weighted average of (i) the real effective exchange rate with the foreign exchange rate in the denominator, (ii) the real house price index where the house price index is an average price of all houses compiled by the ABSA bank, deflated by the consumer price index (iii) the real stock price which is measured by the Johannesburg Stock Exchange All Share index, deflated by the consumer price index (iv) the credit spread which is the spread between the yield on the 10-year government bond and the yield on A rated corporate bonds, and (v) the future spread which is the change of spread between the 3-month interest rate futures contracts in the previous quarter and the current short-term interest rate.
The real effective exchange rate, stock price and house price variables are detrended by a HP filter. To tackle the end-point problem in calculating the HP trend (see Mise et al, 2005a,b) , we applied an Autoregressive (AR(n)) model (with n set at 1 According to Castro (2008) , these variables contain valuable information from the monetary authorities point of veiw in that they provide an indication of financial markets stability and expectations about the monetary policy stance. In particular, the credit spread is a good proxy for the business cycle and financial stress, while future interest rates spread is a good indicator of expected interest rates by the economic agents. The index of financial conditions recognises the importance of the transmission of monetary policy through the asset prices and the credit channels over and above the interest rate channel (Mishkin, 1996 and Bernanke and Gentler, 2000) . The asset price channel comprises the exchange rate, the equity price and the real estate channels whereas the credit channel comprises the bank lending as well as the balance sheet channels 
Empirical results
The specifications for the preferred optimal policy rule allow for one lag of the interest rate, with the lead structure of 6 months on inflation gap, one month on the output 
Conclusion
In this paper, an optimal monetary policy rule whose foundation relies on a representation of policymaker's preferences that allow for zone targeting and asymmetric behaviours with respect to its objectives was derived and estimated. This The figure illustrates the preferences over inflation, output and financial conditions under different assumptions on α and β . The figure is adopted from Boinet and Martin (2008) .
Figure 2 Optimal monetary policy rules
Note:
The figure illustrates the gap between the steady-state and equilibrium interest rates, denoted by igap, calculated using equation [7] . The figure is adopted from Boinet and Martin (2008) .
Figure 3 Estimated optimal monetary policy responses
The figure illustrates the gap between desired and equilibrium interest rate obtained by substituting the estimated coefficients into equation [9] 
